For an adequate quality evaluation of aromatic plants grown under different conditions, a rapid, simple and sensitive method for the analysis of volatile constituents is indispensable. The main objective of the present study was to compare fast screening of German chamomile (Matricaria chamomilla L.) by means of headspace solid-phase microextraction (HS-SPME) with conventional isolation of the essential oil (steam distillation-solvent extraction (SDSE)) for the differentiation of chamomile essential oil constituents. Flowers were harvested at two distinct development stages: stage I, when ligulate flowers start to develop and tubular flowers are still closed, and stage II, when tubular flowers are partially to completely opened.
German chamomile [M. chamomilla (L.), Asteraceae] is one of the most frequently used medicinal and aromatic plants in the world. Its flower heads are not only utilized in perfumery, but also in pharmaceutical, cosmetic and flavoring industries. Several therapeutic effects of chamomile, such as anti-inflammatory, antiseptic, healing, stimulative, carminative, spasmolytic and sedative activities, have been reported by different authors [1, 2] .
Steam distillation is one of the most common techniques used for the isolation of essential oils from plants. However, it is a tedious and time-consuming approach, requiring rather large sample amounts [3] . Simultaneous steam distillation -solvent extraction (Likens -Nickerson extraction) enables distillation on a smaller scale and in a shorter time [4] . However, also in this case, heat treatment can lead to destruction of sensitive compounds, formation of artifacts and solvent contamination of the volatile chemical components. For certain purposes, such as the investigation of the influence of different cultivation practices on essential oil quality, large amount of samples need to be analyzed [5] . Therefore, a more rapid and sensitive technique was required to analyze quickly a large amount of samples, to evaluate the impact of various cultivation conditions on essential oil constituents and to select accordingly the most promising cultivation conditions for further study. In this respect, Headspace Solid-Phase Microextraction (HS-SPME) can be a valuable alternative, since low sample amounts are needed and thermal degradation and solvent contamination of the volatile chemical components is avoided. SPME, introduced by Arthur and Pawliszyn in 1990, is a solventless extraction technique widely adopted for the extraction of volatiles from medicinal plants, food, biological samples and fungal cultures. It has been shown to be a simple, rapid and sensitive method which isolates the headspace aroma from a sample matrix [6] .
In the present study, two isolation techniques, one simultaneous steam distillation -solvent extraction (SDSE), and the other, headspace Solid-Phase Microextraction (HS-SPME) were compared for the characterization of essential oil constituents of M. chamomilla. For the SPME analysis, a DVB/Car/PDMS fiber was used to extract chamomile volatiles as it is a general phase, able to extract a wide range of components, and very good results have been obtained with this fiber [7] [8] [9] [10] . However, as other authors reported better results with a PDMS fiber [3] , both fibers were compared (data not shown). For most compounds, the extraction efficiency of both fibers was quite similar, although the PDMS fiber showed a better extraction of (E)-β-farnesene, while the DVB/Car/PDMS fiber extracted α-bisabolol oxide A more efficiently. As the oxygenated compounds are more difficult to extract by means of SPME and are important chamomile constituents, the DVB/Car/PDMS was selected for further analyses. Optimization of the extraction time showed that full equilibrium NPC Natural Product Communications 2012 Vol. 7 No. 1 97 -100 was not reached after 120 min, but the increase in extracted amounts after 60 min was low (data not shown). Therefore, nonequilibrium HS-SPME was applied at 60 min under well standardized conditions (automated SPME extraction and desorption). An extraction temperature of 30°C was selected to avoid artifact formation and component decomposition. To evaluate the reproducibility of SPME extraction results, the relative standard deviation (RSD) (%) for the six marker compounds was calculated. This RSD (%) was lower than 7% for all compounds, except for spathulenol, for which the peak was difficult to integrate (RSD = 19%). The SPME reproducibility was higher than the reproducibility obtained with SDSE (RSD = 10 -20% and up to 50% for spathulenol).
The results of the GC-MS analysis of M. chamomilla flowers (development stage II) following two different methods of volatile isolation (SPME and SDSE) are presented in Figure 1 and Table 1 . The relative contents of the different constituents are reported in Table 1 as the ratio of the peak area towards the total GC peak area. Analysis of volatile compounds using SDSE and HS-SPME led to the identification of 13 and 30 compounds, respectively. (E)-β-Farnesene (42%), artemisia ketone (10%) and germacrene D (9%) were found to be the predominant aroma components of the HS-SPME profile of German chamomile. On the contrary, α-bisabolol oxide A (49%), chamazulene (21%) and (Z)-spiroether (8%), were the predominant volatile components of chamomile samples extracted by SDSE. The profile of volatiles found with the two different extraction techniques was very different, as can be expected from two techniques based on completely different extraction principles. In the headspace SPME extracts, more compounds were detected than in the SDSE extract, illustrating the high sensitivity of SPME. As can be seen from the comparison of the chromatograms obtained by both techniques (Figure 1 ), SPME favors the extraction of the highly volatiles, in particular monoterpenes, while the steam distillation profile demonstrates greater percentages of semi-volatile compounds.
As such, (E)-β-farnesene is highly concentrated by HS-SPME when compared with SDSE because of both its relatively high volatility and its polarity, which are very similar to those of polydimethylsiloxane (PDMS), the main phase in the SPME fiber. As chamazulene is an artifact formed by thermal degradation of matricine during steam distillation, this compound was not detected by SPME. Matricine itself was not detected either, probably because of its low volatility. Other authors have shown, however, that it is possible to detect chamazulene by means of SPME extraction at higher temperatures, in particular at 80°C [3] . At such high temperatures, however, changes are be induced in the raw material. This should be avoided, as the absence of heating and associated possible artifact formation is one of the main advantages of SPME.
HS-SPME has several advantages as compared with SDSE: it is a rapid, solvent-free and sensitive technique, it can be automated and avoids thermal degradation. However, reliable calibration and quantification is difficult to perform with SPME, as the technique is generally based on an equilibrium process, which means that complete extraction of volatiles is very difficult, if not impossible [11] . Any changes in experimental conditions and matrix composition will affect adsorption distribution. To quantify essential oil constituents by means of SPME, correlation functions need to be established between semi-quantitative data obtained by SPME and quantitative methods, such as SDSE, and this would require the analysis of a large amount of samples [3] . The intention of the present study was thus focused on the evaluation of the use Table 1 : Comparison of two extraction techniques (SPME and SDSE) for GC-MS analysis of the volatiles of M. chamomilla flowers (stage II).
Peak number
Compound Retention index a Exp Lit [12] Relative content (%) SPME SDSE 1
Methyl 2-methylbutanoate 803 778 [13] 0.3 -b 2
Ethyl 2-methylbutanoate 857 857 [14] 1. Figures 2A and 2B , respectively. The results indicate that most of the measured traits were not significantly influenced by the development stage, except for (E)-β-farnesene. The SPME-GC-MS peak area as well as the amount measured by SDSE-GC-MS of this compound in stage I were significantly higher than those obtained for stage II.
Although the relative content of the different essential oil constituents was very different for both methods, the same conclusion could be drawn from both data sets: only the amount of (E)-β-farnesene was significantly influenced by flower development stage, as it was lower in stage II than in stage I. Therefore, SPME can be a useful alternative or complementary technique to steam distillation for the analysis of chamomile volatiles to rapidly evaluate the influence of various cultivation practices on plant volatiles, even though no absolute quantification was achieved. After selection of optimal conditions, quantitative analysis of the resulting essential oil constituents can be performed. 
Experimental

Experimental design:
The experiment consisted of one factor (flower development stage). Two treatments (stage I and stage II) were arranged in a randomized complete block design (RCBD) with 3 replications.
Simultaneous steam distillation-solvent extraction (SDSE):
Essential oil was obtained in duplicate from 2 g of ground dried flowers dissolved in 100 mL of distilled water, using a Likens-Nickerson (simultaneous steam distillation -solvent extraction) apparatus [4] . Diethyl ether (10 mL per sample) was used as the extraction solvent. From the start of water and solvent condensation, extraction was continued for 1.5 h. Extracts were dried over anhydrous MgSO 4 and concentrated by evaporation under a gentle nitrogen flow before GC/MS analysis. After weighing the dried extract, essential oil yield was calculated in g oil/100 g dried flower (%). One mL of internal standard solution (0.1% n-hexadecane in diethylether) was added to the extract before GC-MS analysis. The internal standard was used for quantitative analysis of 7 marker compounds, these being chamazulene, (E)-βfarnesene, α-bisabolol oxide A and B, α-bisabolone oxide A, (Z)spiroether and spathulenol.
Headspace solid-phase microextraction (HS-SPME):
For HS-SPME extraction, 1 g of ground dried flowers was put in a 20 mL headspace vial closed with a magnetic crimp cap with septum (Gerstel, Mülheim a/d Ruhr, Germany). Volatiles were directly sampled by means of headspace SPME during 60 min at 30°C with a 50/30 µm DVB/CAR/PDMS (divinylbenzene/carboxen/ polydimethylsiloxane) fiber (Supelco, Bornem, Belgium) and desorbed during 2 minutes at 250°C in the GC-MS inlet. SPME extraction and desorption were performed automatically by means of a Multipurpose Sampler (MPS-2, Gerstel).
Gas chromatography-mass spectrometry (GC-MS):
GC-MS analysis was carried out on an Agilent 6890 GC Plus coupled with an Agilent 5973 MSD (Mass Selective Detector-Quadrupole type), equipped with a CIS-4 PTV (Programmed Temperature Vaporisation) Injector (Gerstel), and a HP5-MS capillary column (30 × 0.25 mm; coating thickness 0.25 µm). Substances were identified by comparing their mass spectra and linear retention indices with those found in literature [12] [13] [14] and by comparison with mass spectral libraries (NIST, Version 1.6d, 1998 and Wiley, 6th). GC-MS analyses were performed under the following conditions: injector 250°C, transfer line to MSD: 260°C, oven temperature: start 50°C, hold 2 min; oven temperature: start 50°C, Statistical analysis: All data were subjected to statistical analysis (ANOVA) using SAS statistical package, version 6.12, 1989-1996 (SAS Institute Inc., Cary, NC, USA). Means comparisons were performed by Duncan's multiple range test at the 5% level.
